

% Office ^ 
% 




• 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that by virtue of an assignment registered under the Patents Act 1977, the 
application is now proceeding in the name as substituted. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed 



Dated 




11 June 2003 



An Executive Agency of the Department of Trade and Industry 




GB 0216722.9 

By virtue of a direction given under Section 30 of the Patents Act 1 977, the application is proceeding in the name of 

NEWFREYLLQ 

Drummond Plaza Office Park, ^ 

1423 Kirkwood Highway, 

Newmark, 

Delaware 19711, 

United States of America 

Incorporated in USA - Delaware, 

[ADPNo. 08521536001] 



An Executive Agency of the Department of Trade and Industry 



lB-JUL-2002 17:21 

Patents Form 1/77 

Patents Act 1977 



1^ 



FROM BLflCK&DECKER PATENTS DEPT 



TO UK PATS OFF 



18JUL02 E7343|^-i.i)00223i: 
POl/7700 0,00-0216722.9 



p. 02/24 



Request for grant of a patentTHE patent office 

i 8 JUL 2002 



U apUaatciy Mjutfiem thtPaf«t QtP^ 



2. 



3. 



The Patent Office 

Newport 
Gwent 
NPIO SQQ 



1, Your reference 



patent applicatioii nuipber 
(The Patera O/jfice wUlJiU in ffua paxy^ 



m 20m 



0216722.9 



Full name, address and postcode ot the or of 
each applicant (mnderaueMfmnuHa) 



Patents ADP number (ifya" kuav it) 

If the applicant is » corporate body, give th^t- 
coantry^te olits incorporafion 



£MHART LLC 

DRUMMOND PLAZA OFFICE PARK - cp 2- 
1423 KJKKWOOI>HlCSHW^^>QV4 VW*^ 
NEWARK, DELAWi^]|5\9Saft'U.SA. 



USA/DfilAWARE 



4. Title of the invculioa 



IMPROVED BLIND FASTENER SETTING TOOl- 



^, Name of yoiiT ^g^™*^ ^'^^^^ ""'^ 

"Address foi* service" in tlw United Kingdom 
t« which an ccTTCspondelace should be sent 

(Ui (fuJlttg the posinoAe) 



DARRIN MAURICE SHAVA, 
IAN STEPHEN BELL 
BLACK & DECKER 
210 BATH ROAD 
SLOUGH, 

BEiftKSHIRE SLl 3YD 
UNITED KINGDOM 



Patents ADP nuntber (if yon *P 



If you are declaring priority from one or more 
earlier patent appUcations, give the country 
and the date oi iiling of the or of each of these 
eftrlier applications and (ifyQu kninpU) the or 
each application number 



7. If this application Is divided or otherwise 
derived from an earlier UK appUcation, 
give the number and the Gling date of 
the earlier ppplicatLon 



8- Is a rtatemcnt of inventorship and of right 
to grant of a patent required iit supp<>rt of 
this request? (Amw^r'Y^*ifi 

^ nity named uppii^t Is ^*!^P*»^^^' 
See »u>ie (a)J 



Country 



Friority ppi^IlcstiDO number 



Niimber of earlita^appiicetio" 



0al« of filing 
(day /month /year) 



YES 



Patents Form 1/77 

|,0gj!;j20g6ij1:8i^ 



^^'^ BLRCK&DECKER PATENTS IB=T TD IK PflTB OFF 



o 


li'ntjer ihe number of sheets for BiiV of the 
fbHowing items you Are filjpg wiih this form. 
Tin nnt cniiot conles of the sanuCs ttocunieii't 






C Atlniiation sheets of ibis form 






Vl^scriptSon 


13 1/ 




C)aiiii(s) 
Abstract 


2 ^ 




DrBWing(s) 


1 ^ 


10. 


If yoii are also filing any of the loUowing, 
state how many against each Item. 






Priority documents 


0 




Tranislations of priority documents 


Q 




Statement of inventorship and right 
to grant of a patent (Pat^ntM Farm 7/77) 


1 <X 

X 




Rei)uest fov preliminary exammaiioQ 
and search fFioeMts Farm %77) 




Request for substantive examiDatlon 


0 




Any other documents 


0 


11. 




lAVe request the grant of a patent on the bafiis of thi^ application 
Signature ^ nu Pate: 18 July 2002 


12. 


Kamfe and daytime tclephoite number of 
person to cutset in the United Kingdom 


iXn STEPHEN BELL 01753 



Warning 

After an application for a patent hoi been filed, the Comptroller of the Fat^t Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
Will be in/brtned if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kifj^dom, Section 23 of the Patents Act J 977 stops you from applying for a patent abroad without first getting 
written permission Jrom the Patent Office unless an application has been filed at least tS weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) fVrixe your a/iS}vers in capitaJ letters using black ink or you moy type them. 

c) If there is not enough Space for all the relevant details on any port of this farm, please continue on a separate 
sheet of paper and write "see continttation sheet'* in the relevant part(sj. Any continuation sheet should be 
attached to this form. , 

d) If you have mswered 'Yes ' Paimt^ Form 7/77 will need to he filed. 

e) Once you have filled in the form you must rem&nber to sign and date it 
J) For dermis of the fee and ways to ptry please contact the Patent Office- 



Patents Form 1/77 



lB^JUL-2002 17:22 FROM BLRCKaOECKER PPTENTS DEPT TO UK PPTS CFF p,0e/24 

Q ' ^ DURLICATE 

IMPROVED BLIND FASTENER SETTING TOOL 

The present invration relates TO an impjoved setting tool for use in settitig blind 
fasteners such as blind rivets. More particularly, the invention is directed to a setting 
tool having an improved means and method of monitoring the lo^d applied to the 
blind fastener during the setting procediare. 

5 

For a number of reasons, it is highly desirable during the setting of blind 
fasteners, such as blind rivets, to monitor the load being applied to the fastener during 
the setting operation and comparing the determined load values against predetermined 
reference values to monitor and analyse the quality of the setting operation in order to 
10 provide a confidence factor that the fastener has been correctiy set. This is 
particularly advantageous since such blind fasti^ers are often used in situations where 
it is difficult to visually confinn acceptability of the set fastener (ie. die '*blind side*' is 
often located in an internal surface of a sealed box or container which camot be 
viewed by-the operator). ^ 



15 



Conventional setting tools for use with blind fasteners work on the principle of 
providing a front end surface of a setting tool to restrain the flange portion of the blind 
fastener and for a mandrel - stem of the blind fastener to pass therethtx^ugh to. ^b 
engaged by a set of pulling jaws whereby such pulling jaws are drawn inwardly for 

20 the setting tool to exert a displacement force or setting force on the mandrel stem to 
effectively draw a. mandrel head into the fastener body to deform the free end of the 
fastener against an appropriate work surface. Often a hydraulic or pneumatic force is 
utilised to effect displacement of the pulling jaws and the measurement of the force 
applied to the mandrel stem is determined by analysis of the pressure applied by the 

25 hydraulic or pneumatic fluid, usually via a pressure transducer, used to drive a 
uniform piston attached to such jaws. The applicant's earlier European Patent No. 
EPO 738 8551 discloses such a conventional load measuring system for a bhnd rivet 
setting tool, / • 
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It has also been loicwn to utilise conventional strain gauges intercomected ^ 
between the tool body and the settixig jaws to again measure the load exerted on (he 
&stcner dependent on the displacement of die jaws themselves^ 

5 Whilst higjaly effective in detcmjining the load transferrod firom the setting jaws 

of such conventional rivet setting tools to the mandrel of this fastener during the 
setting operation, these types of existing load measuring systems are higjily complejs 
and requite careful positioning internally of the rivet setting tool making manufacture 
of such tools difBcult ^d the repair and replacement of worn or damaged 
1 0 measurement devices extremely difficult. 

It is therefore an object of the present invention to provide a blind &5tener 
setting tool having an improved load measuring device which alleviates the 
aforementioned problems in a simplistic and cost effective manner* 
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AccoidingAq flie prese^^ invention there is now provided a blind fastener setting 
tool having a £mnt face against which a blind fastener is held during a setting 
operation, and having a piezo-electric thin film load measuring device mounted on the 
front face so as to be disposed and compressed between the front face and the fastener 
20 during the setting op^ation. In this manner, the compressive force exerted by. the . 
fastener on the load measuring device will generate a low voltage signal indicative of 
the load being exerted thereon during the setting operation. 

Preferably, the end face will be mounted on the tool by a bridge member so as 
2 5 to form a cantilever which is subject to bending when a load is exerted on the fastener 
by the setting tool. Here the load measuring device will usually comprise a bending 
piezo-electric generator which is securely moimted on the front face, wherein the 
bending deformation of the generator, resultant from the bending deformation of the 
cantilever, will generate a low voltage electrical signal. 
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Preferably, the front face of setting tool will have a central aperture 
therethrough providing conoiuunication wilh the internal mechanism of the tool, this 
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aperture being coaxial with a longitudinal Mis of the setting tool and being for receipt 
of a mandrel of the fastener, wherein the load measuring device fuxflier cornprises an 
aperture so as to be mounted again comal with the tool axis. 

5 It is also preferable that a protective cover is mounted on an external surface or 

face of the measuring device to protect the thin film piezo-electrio material from 
mechanical damage from engagemeiit with the fastener , , 

Furflier and according to the present invention there is also provided a system 
10 for me?isuriTLg the load exerted on a bliiid fastener by a fastener setting tool during a 
setting operation which comprises a setting tool as discussed above and further ha? a 
icontiol circuit for analysing a voltage output of thec piezo-electric thin film load 
measuring device as indicative of the load exerted from the fastener, 

15 Still fcrther according to the present invention, there is also provided a method 

- of measuring the Joad^exHt blitid fastener by a fastener setting tool during a 

setting operation which comprises the steps of firstly positioning a piezo-electric thiii 
fihn load measuring device between a front end face of the tool and a fastener 
mounted on the tool, subsequently compressing the fastener towards the end face 
20 " during the settihg operation so as to compress and deform the measuring device, 
following which a voltage signal created as a result of deformation of the piezo- 
electric thin fikn is measured;, and this measured signal is then analysed as indicative 
of the load exerted on the fastener. 

25 Preferably, where the load measuring device is mounted on a cantilevered front 

end face of a setting too] such that this end face is caused to bend as a compressive 
force is applied thereto, the defomiation of the piezo-electric thin film comprises a 
bending defonnation to generate the electrical signal. 

3 0 There is further provided a method of determining a free set operation of a 

fastener setting tool by measiuing the load exerted on a blind fastener according to the 
method of Claim 7 or Claim 8, comprising the step of determining the measured time 
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difference between the mandrel entry load and fhc mandrel setting load of such 
fasteaer and comparing it against a predetermined time difference value indicative of 
an optmimn setting time difference and generating an output signal in the event that 
the measured time difTereDce is greater than the predetermined time difFereiu:e 
5 indicative of a free set operation. 

A preferred embodnnetit of the present invention will now be descxibedf by way 
of example only with reference to the accompanying illustrative drawings in which; 
Figure 1 is a schematic cross sectional view of a blind fastener setting tool 
1 0 according to the present invention; and 

Figure 2 is an enlarged schematic cross sectional view of the load measuring 
device of the setting tpol of Figure 1. 

Referring now to Figure 1^ a conventional blittd rivet setting tool (12) is 
IS schematically illustrated. A bUnd xiyet settitiig system (10) comprises the met settixig 
- -toolX12)_fQr settin g a blind rivet (14), a hydraulic intensifier (16) and system control 
circuit shown schematically as (18). , The xmtensificr (16).inay be any one of a number 
of conventional such intensifiers commcnly used within the art but may simply be 
considered as a fluid pressure source for coiltrollably applying pressure to setting 
20 tool (12) by means'of hydraulic fluid transferred, via a fluid .connecftionjpipc (22). 
Oflen, intensifiers (16) of this type employ a. pressure source, such as pressurised air 
applied to a cylinder, to compress a hydraulic oil or fluid to transfer fluid pressute to 
the setting tool. The fluid contained in the intensifier (16) may be considered to be in 
continuous fluid communication, through pipe (22), with the rivet setting tool (12). 
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The tool (12) comprises an elongated body generally illustrated as (42) which 
may be of any of several constructions but is preferably shown bere provided with a 
handle (44). A trigger switch (46) which actuates to the tool (12) is fitted in the 
handle (44) in a conventional manner and is operatively associated with a valve (48). 

As for conventional rivet setting tools, the tool (12) is fiirther provided with an 
electronic control circuit (18) which is operatively connected, via wire (81) to the 



{ 



f ■ \' 
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switch (46) such that actuation of the switch (46) will coinmence operation of the 
rivet setting cycle of the tool (12) in a conveoticmal manner. Here the control circuit 
controls the operation of the associated valve (48) via control wire (91) and controls 
operation of the intensificar (16) via control wire (101) so that the rivet setting tool 
5 follows a predetennined setting cycle as will he described hereinafter. 

The elongated body (42) includes an elongated housing (50), which is sub 
divided internally into a front chamber (54) and a hydraulic cylinder chamber (56), 
wherein the elongated body (42) further includes an axially movable pulling shaft (58) 
10 provided along its longitudinally extending axis. It will be understood that the 
construction of the housing (50) is only one of a significant number of variations, 
where the only essential feature beijig that it provides support for the pulling shaft 
(58) ^d for a means of axially moving this shaft (58). 

15 A jaw assembly (60) is opmtively associated with a front end of the pulling 

shaft (58).^ The jaw assembly (60) includes a jaw cage (62) having an internal 

bevelled wedging surface (64) that defines an internal bore (66). An mray of split 
jaws (68) are movably provided within the cage (62). When the outer surfaces of the 
split jaw (68) act against the bevel surfaces (64), the jaws (68) engage and grip an 

20 elongated steni'(70) of a mandrel (.72) of a blind riyet (14). The mandrel (72) also 
includes a mandrel head (74), The mandrel (72) comprises the head forming 
component of the rivet (14) «s is known in the art. The rivet (14) includes a tubular 
deformable sleeve (76). A variety of methods may be employed to manipulate the 
jaw assembly (60) to grasp and hold the stem (70) of the mandrel (72), but the method 

25 described hereafter is merely illustrative and is not limiting on the invention. 

A front end (41) of the housing (50) comprises a front end face (218) having a 
central aperture extending therethrough which is aUgned coaxially with the axis A of 
the setting tool (12) which has an outwardly directed or front face (220) which is 
3 0 substantially perpendicular to the tool axis A, as is conventional for setting tools of 
this type and supports a flange (122) of the blind rivet (14) in a conventional manner 
and as shown in Figures 1 and Figures 2. In this manner, the mandrel (72) will extend 
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through the aperture in this fbont plate (218) suad be received within the jaw assembly ^'"^'^^ 
(60) in a conventional manner. This front plate (218) serves to prevent axiai 
displacement of the defomable sleeve (76) of the rivet as the mandrel is drawn from 
left td right by operation of the sfittrng tool. 

5 

The setting tool (12) of the present invention differs from setting tools 
according to the prior art whereby a slot (214) extends transvorsely to the axis A 
through the front ch?anber (54) of the body (50) leaving a supporting bridge (216) 
(Figure 2) connecting front plate (218) to the rivet tool body (42) about a limited 

1 0 diameter of the body (50). Preferably the bridge section. (216) may extend about tip to 
35% of the diameter of the body (50). However, it would be appreciated that the 
bridge (216) could alternatively comprise a plurality of fingers extending between the 
fix>nt plate and ihe body (50), such fingers again defining a maximum arc no greater 
than 35% of the diameter of the body, in this manner, the bridge (216) creates a 

1 5 cantilever with the front plate (2 1 8) as will be described later. 



A pusher (78) is fixed to the forward end of a pusher rod (80), which itself is 
housed within a central through bore defined in the pulling shaft (58). The pusher rod 
(80). is axialiy movable within this through bore and is biased, at this tear end, against 
20 the back wail blF the bydrauUc cylinder chara (56) by a spring (84). . A- weaker 
spring (86) acts between the same wall and the rear end of the pulling shaft (58), 

A piston (88) is fixed to the pulling shaft (58) and is capable of axial motion in 
both forwards and rearwards direction within the hydrauhc cylinder chamber (56). 

25 The hydraulic intensifier (16) forces a pressurised fluid (not shown) through the pipe 
(22) into the cylinder chamber (56) on the forwards side of the piston (S8) through a 
pressurised fluid port (90) into a pressurisable side (92) of the hydraulic cylinder 
chamber (56). By introducing a pressurised fluid in the fluid-tight chamber defined 
within the pressurisable side (92), the piston (88) is forced to move rearwardly (fixjm 

3 0 left to right as viewed in Figure 1), causing the jaw member (68) to clamp and apply a 
setting force to the mandrel stem (70) evenmally causing it to break away &om ttie 
mandrel head (74) as will be described below, 

ORm* (UK) 
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Hve name "blind rivet." derived W the feet that such rivets axe mstallcd 
fio^ orUy oBe side of a woxkpiece or application, the primly side the blind rivet (14) 
include, the tubular rivet .leeve (76) haymg . flange (122) at its rear end ^ sbovm m 
Figur.1 Themandr.l(72)h3sastem(70)that passes through the tub^I^ rivet body 
or sleeve (76) and has an «darged n^andrel head (74) fotmed at one end 1her=«f 
Although not Shown, the mandrd «tem is provided with a weakened portion wh.ch 
hu. a predetermined bi^point which will break ^ben a sufficient load appbed. 

is conventional within the field of blind rivet setting and need not be discussed 
any great detail herein. The rivet (14) loaded within tiie setting tool (12) as shown 
in Figure 1 and then introduced into a hole passing through an appropnate woricpaece 
(not shown) such that the mandrel head and forward end of the sleeve (76) project 
throu^ to the "blind side" of the worlcpiece. The mandrel stem (70) then d^ped 
between the .pUt jaws (68i and is pulled by the setting tool (12). As the pulling shaft 
(58) is forced rearwardly (left to right) by fluid pressure being introduced mto the 
hydraulic cylinder chamber (56) so as tc displace the piston (88) against the resistance 
-of-&eweakest-sprins-(86),-the.pu^ermd^^^^^^^^ 

(84) resists this rearward movement causing the pusher (78) to act against the rear of 
the split jaw (68) pushing them into and against the tapered internal bevelled wedgii^ 
surfece (64) causing the jaws to grip to the m^drel stem (70). Once the stem is 
■ gripped: Wsplitjaw (68) are fUUy lodged between the surface,(64) ax.d the tnandrel ^ 
•stem (70), the pusher rod (80) moves rearwardly with the pulling shaft (58), the 
biasing force of the strongest springs (84) now having been overcome As the jaw 
assembly (60) is carried rearwardly by movement of the pulling shaft (58) (resoltmg 
an increase in pressure in the chamber (56)) the head (74) of the rivet (14) is 
drawn into and enters the sleeve (76) as is conventional for setting of such blmd 
rivets TlriB is denoted as the "mandrel entry point- and is the point at which the 
sleeve (76) begins to deform as the enlarged mandrel head is drawn therein. The 

pressure ot load being exerted at this stage is referred to a. the mandrel entry load. As 
the mandrel (72) continues to be pulled, the rivet sleeve (76) is deformed up to the 
secondary or blind side of the workpiece being clamped and this deformed part of the 
sleeve (76) act* as secondary clamping element, whereas the flange (122) becomes 
the primary clamp element such that the worlq^ieces are clamped tbcrebetween^ tt^^ 
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this combination of the secondary and primaiy clamp elements (bat hold two or more 
parts of an application or workpiece togetheiFf 

Continued rearward movement of the jaw assembly (60) by tnoven^ent of the 
5 pulling shaft (58), pulls the head (74) into the sleeve (76) causing maximum 
deformation. Once the head (74) reaches the secondary side, it is restrained from 
fiirther axial displacement and the mandrel (72) therefore breaks at the n^ck portion 
previously described, the force being applied at breakpoi^ot being referred to as the 
maximum setting force (or load), wherein the secondary clamp element is now 
10 created by the combination of the now detached head (74) being retained within the 
deformed sleeve (76). The fluid pressure within the chamber (56) is then released by 
releaising the setting tool trigg^ (46) and effecting appropriate control and 
displacement of flie hydraulic intensifier (16), whereby both the pulling shaft (58) and 
fhc pusher rod (80) are restored to their pre-engaged positions by the biasing fotce$ of 
15 the springs (84 and 86). With the fb^tre of the jaws (68) removed, the jaws (68) are 

^Telaxed_to,th^_pr^e-enga^^ and the stem (70) is released and discarded. 

The tool (12) is then ready to repeat this rivet setting cycle. 

In addition^ and for illustrative purposes, the setting tool (12) of Figure 1 is 
2 0 further shown comprising a conventional pressure transducer (99) mounted v^nthin. the 
hydraulic cylinder chamber (56) for measuring the hydraulic fluid pressure applied to 
the piston (88) and provides an electrical output signal indicative of the pressure 
detected, via control wire (S3) to be measuted by the control circuit (1 8) which is able 
to convert such an output signal into a pressure measurement. Since the area of the 
25 piston (88) is constant this pressure measurement will then be indicative of the force 
being transmitted through the jaws to the mandrel stem (72). This is a conventional 
means of measuring the setting force being applied during the rivet setting operation. 
Usually the system control circuit (18) will employ an appropriate conditioning circuit 
for converting an analogue signal to a digital signal which can then be passed through 
30 an appropriate amplifier circuit for monitoring the signal throughout the rivetiiig cycle 
or, alternatively^ sampling the transducer circuit at predetermined time intervals. 
However as will be appreciated &oro Figure I, the transducer (99) must be placed 

am*;* (UK) 
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, aiMine to the complex manufactoiing process 

intCTially of rivet setting tool (12) ad<ung xq mc wii F 

transducers* 

,*^inapl«^el«<dc c«. «iH»d to di«ctty measure to load apphcd to 

the blind rivet during the setting Operation. ^ 

AS previously d=«.W. to fi»a, end Of*, do^cd bolj m "^o" 
of *= ..Bing tool jaw .s^emWy. (68), U provide. a» additioml *>. (214) to 
^ leave a supporUng bridge (21 6) eo».»cto. body (42) to re^to er«i pUto 
(218) wblch engage, and supports fte tivo. bod, ftage (122) durtag tor^ve. 
Ipc Lor. (as *o«n). TWs suppor^og bridge (2l« and end plato (218) oreato a 
lalever whieb has ™un.ed on i.s ou.wa.dly direCtod (or tot (220 . prezo- 
electrie Am film load taaoaling devioe (222) which is bonded by c*-mcal bondmg 

. : .^eam sueh .s an.epo'syiwo P'^^ 

^ seourely mounted thercoa A proteaive pad (224) is ^ boWed to the omer 
surfece of the pl=.o^leotrio thin Bhn toad inScating device »hicb protects the than 
flta toad indicadng device ftom mecharacd damage by engagement «di the nye. 

The rivet maodrel 8t«n (70) passes through a central .o-axial aperture in the 
• c«i^everedendface(218).whichapertuxealsoextendsco-axial^^ 

electric device and the protective pad, so ^ to be engaged by the setting j aws (68) of 
tie tool (210). m this manner, it will be appreciated that the only significant 
difference in the mechamcal structure of this setting tool compared to setting tools of 
the prior art is th.t the end face is now cantilevered as opposed to being ngidJy 
sopported on the elongate body (42). 

As the load is appUcd to tjxe stem (70) of the mandrel this load will be 
transmitted, via the m^dtcl head (74) and through the rivet body (76) and flange 
(122) to the ftont end plate (218) which will, in tuxn. cause the front cant^lev^^face 
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(218) to bend about the supporting bridge (216) whereby the higher the applied load"*^^ 
then the cantilever will bend to a greater extent. It will also be appreciated that sitice 
this outer face of the cantilever is bending, the siuface is in tension and, accordingly^ 
this tendency for increase in len£;th will also apply to the securely bonded piezo- 
5 electric device. The increase in tension and subsequent deformation of the piezo- 
electric device is related directly to the amount of strain induced into the cantilever 
and is thus converted directly to a low electrical voltage, that can be received by the 
system control circuit (18) via appropriate wires (83a). 

1 0 The resultant electric signal from the pi^zo-electric load indicating device (222) 

can then be ai3aly$ed by the control circuit in a conventional manner to provide a 
direct output indicative of load being applied to the mandrel stem (72) . 

Piezo-electric thin lifan load indicating devices axe well understood in the art 
1 5 and comprise a variety of difG^ent designs. Specifically in the embodiment described 
herein_ftc_piezo-e|ectnc indicating device may comprise a twd-layer 



piezo-electric generator comprising a laminated two-layer clement whereby wtien the' 
applied mechanical force causes the cantilever to bend, the polarised two-layer 
element of the piezo-electric device also bends, whereby one layer is pressed and the 
20 other is stretched so that cbaxge' develops acrcisis each layer in an effort to counteract 
the imposed straizis and it is this charge that is subsequently detected and analysed by 
the control circuit However, since this technology is considered commonplace and 
widely understood the specific details of the operation of the piezo-electric load 
sensing devices of this type will not be described in any great detail here save to 

2 5 understand that a low voltage electrical signal is generated upon deformation of such 

material under an applied load, which voltage is indicative of the load subsequently 
applied. 

The control circuit can subsequently be calibrated so as to analyse and convert 

3 0 the measured output signal of the piezo-electric device to pitjduce an exact 

measurement of the load applied to the mandrel stem, or may simply output an 
uncalibrated signal which is indicative in the change of load applied during the rivet 

Bitsia4(i;Kj 
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setting cycle. This unoalibrated signal will t>B of specific inteanest whereby the rivet 
setting procedure is analysed by consideration of the setting time between various 
peaks and troughs in a continuous load versus time measurement curve whereby this 
specific value of the applied load is not essential to determination of the quality of the 
5 set rivet. However in oflier operations, the load values are specifically required and 
thus it will be necessary to cahbrate the control circuit accordingly- Specifically, 
during a rivet setting opoxation the load applied to the mandrel stem will initially 
increase until such time that the mandrel head exerts sufficient force to effect 
deformation of the cylindrical body of the rivet and is able to be drawn therein. 

10 During this deformation stage the load exerted on the mandrel stem is reduced until 
such time that fiirther resistance to the mandrel head displacement results from 
compression of the rivet body against the workpiece whereby there is a subsequent 
gradual increase in load on the rivet stem until the mandrel breaks in a conventional 
manner. Such loads are readily measured by the user of such piecto-eiectric thin film 

15 load measuring devices. 

This type of load measuring device has a specific beneficial application in 
monitoring a "free set" rivet setting operation whereby the rivet setting tool may 
inadvertently be operated remote fiom the workpiece so as to effectively set the rivet 

2 0 ill free ait.' During a conventional rivet setting operation, as discussed^ ^pve, the load, 
exerted on a rivet mandrel will increase gradually until such time that the mandrel 
head is drawn into the rivet body followed by a subsequent drop in determined load, 
resultant fix>m the decreased resistance by the deforming rivet body. Subsequently, 
the deformed rivet body will engage the rear of a workpiece into which the rivet it 

2 5 being set, thereby preventing continued defonnation and thus increasing resistance to 
displacement of the mandrel and an increase in the value of the load sailed to the 
rivet by the setting tool until such time that the mandrel breate and the applied load 
then rapidly decreases. As is well understood, such load measurements produce a 
conventional load profile for the rivet and it has been determined that the time 

30 difference between the first load peak, (representative of the entry load value of fte 
rivet), and the second, setting load peak, {equal to the load at which the mandrel 
breaks) remains substantially constant for a particular design of rivet when applied to 
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a particular workpiece. It is also well imderstood that if the rivet is "fitse set" so as to^^ 
be set when remote from the workpiece, then the defonnation stage of the rivet body 
is longer, since it is not arrested by engageniGiit with the rear of the woriq)iece- In this 
situation, the rivet setting time (the time taken until the mandrel is caused to break) 
S will occur at a time poiod greater than that expected when the rivet is set in a Icnown 
workpiece. Thus be using the thin film load measuring devices as discussed above to 
measure a signal indicative of the load being applied to a mandrel and to analyse that 
signal as a function of time to determine the time dliJ^rence between the two 
measured peaks of such a load curve will produce a time difference value which can 

10 be compared against a predetemained value (which is indicative of a acceptable 
setting procedure of a particular type of rivet in a known workpiece), to detennine if 
the measured time difTerence is greater than the predetemiined time difference. In the 
event that such time difference is greater than the predetemiined value, this is to be 
taken as indicative of a ^'firee setting" operation and an appropriate alarm or reject 

15 signal could be generated by an appropriate control circuit indicative of a "free set" 
, gpmrtionjo^dther warn the operator or to create an entry in a setting tool log as 
appropriate. 

In an alternative embodimmt of the present invention, not skowu» it is also 

2 0 realliiy understood that alternative piezo-^^ 

which do not operate in response to a bending operation but can, in fact, genemte a 
suitable output voltage depending simply on die compressive force applied thereto. 
For example, for a conventional single layer piezo-electric generator, such as a single 
sheet of piezo ceramic material, when a mechanical stress or load applied in a single 
25 direction which is parallel to pol^sation, a voltage is generated which tries to return 
the piezo-electric material to its original thickness. Again analysis of this generated 
voltage is indicative of the force being afiplied to such piezo-electric material. Thus 
in a simplified version of the current invention the finont-end plate (218) could be 
maintained in rigid (non cantilevered) engagement wdth the firont-end of the rivet 

3 0 setting tool (12) whereby such a single layer piezo-electric load generating device 

coxdd then be mounted securely on the front face (220) of the tool to be compressed ^ 
by the flange (122) of the rivet (in the manner previously discussed) to provide an 
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output signal indicative of the load homg exerted on the niandrel stem. La either case, 
the use of such piezo-electnc materials to measure the settmg load of this type of 
operation is measured directly from engagement with the rivet during the setting 
operation, Furthennore, since the piezo-electric device is mounted externally of the 
5 rivet setting tool (12) it is readily accessible for repair or replacement as necessary 
thus providing an inexpensive and convenient load measuring device for mounting on 
an appropriate rivet setting tool. 

Whilst the present invention has beeu described with reference to a conventional 
10 blind rivet, it would be understood that this type of sensor arrangement is equally 
applicable to othei' types of blind festeners which require mechanicai deformation (or 
squeezing) of the fastener against an end portion of a setting tool whereby such 
compression between the &stener and the setting tool can thus be measured by 
insertion of an appropriate piezo-electric device of the type described herein* 



> 
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CLAIMS 



1 . A blind fastener setting tool having a fi-ont face against which a blind fastener is 
held during a setting operation, and having a piezo-electric thin film load measudng 
device mounted on said from face so as to be disposed and compressed between said 
flt)nt face and a fastener during said setting operation. 

2. A setting tool as claimed in claim 1 in which said end face is mounted on said 
tool by a bridge member so as to form a oaQtilever. 



3. A setting tool as claimed in claim 2 wherem said load measuring device 
10 comprises a bending piezo-electric generator securely mounted on said front face, 
wherein bending deformation of said generator generates a low voltage electrical 
signal. 

4..- A.setting.tool as claimed.in.any oneLof-tJie_preceding_claims_wh6rein^^^^ firont... 
15 face has a central aperture therethrough m communication with said internal 
mechanism of said tool, which aperture being co-axlal with a longitudinal axis of said 
setting tool for receipt of a mandrel of said fastener* and said load measuring device 
also comprises an aperture so as to be mounted co-axial with said tool axis. 

20 5* A setting tool as claimed in any one of the preceding claims fUrther comprising 
a protective cover mounted on an external face of said measuring device. 

6. A system for measuring the load exerted on a blind fastener by a fastener setting 
tool dtuing a setting operation, comprising a setting tool as claimed in 3ny one of die 

2 5 preceding claims and a control circuit for analysing a voltage output of said piezo- 
electric thin film load measuring device as indicative of the load exerted on said 
fastener. 

7. A method of measuring the load exerted on a blind fastener by a fastener setting 
30 tool during a setting operation comprising the step of positioning a piezo-electric thin 

BMU4<UIU 
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iilm load measuriag device between a front end face of said tool and said fastener^ 
compressing said fastener towards said end face during the setting operation $0 as to 
conipress and defonn the measuring device, measuring a voltage signal created as a 
result of deformation of said piezo-electric thin film and analysing said signal as 
5 indicative of the load exerted on said fastener, 

8. A method as claimed in claLm 7 wbereiEi said load measuring device is moimted 
on a cantilevered front end face of a setting tool and said end face is caused to bend as 
a compressive force is applied thereto, whereby said deformation of said piezo- 

1 0 electric thin film comprises a bending defomiation to generate said signal, 

9. A method of determimng a free set operation of a fastener setting tool by 
measuring the load exerted on a blind fastcnci acconiing to the method of Claim 7 or 
Claim 8, comprising the step of determining the measured time difference between 

15 the mandrel entry load and the mandrel setting load of such fastener and comparing it 
- - . .against-a-^piedetemiined time_di£ference_value indicativ jof an pptimum setting time 
^ difference and generating an output signal in the eveat that the measured time 
- difference is greater than the predetennined time difference indicative of a free set 
operation, 

10. A blind fastener setting tool substantially as herein described with reference to 
. the accompanying illustrative drawings. 

Ih A tnefhod of measuring the load exerted on a blind fastener by a fastener 
25 setting tool daring a setting Operation substantially as herein described with reference 
. to the accompanying illustrative drawings. 
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ABSTRACT 

IMPROVED BLIND FASTENER SETTING TOOL 

There is provided a blind festener setting tool (12) which has a front and face 
(218) against which a blind fastener (14) is held during a conventional setting 
operation and which further has a piezo-clectric thin film' load measuring device (222) 
mounted on this front face so as to be disposed and compressed between the front face 
5 (218) and a flange (122) of the fastener (14) during the setting operation so as to 
record a low voltage electrical signal indicative of the load being exerted thereon. 

There is fiirther provided a method of measuring such load during the setting of 
a blind fastener by positionitig a piezo-electric thiii film load measuring device 
10 between a setting tool and a fastener and subsequently measuring a low voltage signal 
created as a result of deformation of the piczo-electric thin fihn during the setting 
. . _ ,ppemtion_and_analy.sing_this_si 
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